Abstract. Orbital elements are presented for the Tc-poor S stars HR 363 (= HD 7351) and HD 191226. With an orbital period of 4592 d (=12.6 y), HR 363 has the longest period known among S stars, and yet it is a strong X-ray source. Its X-ray flux is similar to that of HD 35155, an S star with one of the shortest orbital periods (640 d). This surprising result is put in perspective with other diagnostics of binary interaction observed in binary S stars. They reveal that there is no correlation between the level of binary interaction and the orbital period. All these activity diagnostics moreover exhibit a strong time-variability. In the well-documented case of HR 1105, this time-variability appears to be a combination of orbital modulation and secular variation. A stream of gas from the red-giant wind, which is heated when funneled through the inner Lagrangian point, has been proposed as the source of the hard photons (Shcherbakov & Tuominen 1992) . Different viewing angles of the stream during the orbital cycle account for the orbital modulation, whereas long-term fluctuations of the mass-loss rate account for the secular variations. Little dependence to the orbital separation is expected for this kind of activity. If such streams are causing the activity observed in the other binary S stars as well, it would provide a natural explanation for the absence of correlation between orbital periods and activity levels, since the red-giant mass loss rate would be the dominant factor. The existence of such funneled streams is moreover predicted by smooth particle hydrodynamics simulations of mass transfer in detached binary systems.
Introduction
This paper is the third one (see Udry et al. 1998ab for the first two) in a series presenting new orbits obtained for barium and S stars as a result of a decade-long monitoring with the spectrovelocimeter CORAVEL (Baranne et al. 1979 ) installed on the 1-m Swiss telescope at the HauteProvence Observatory (OHP, France).
The two S stars HR 363 (=HD 7351) and HD 191226, that are the subject of this paper, were put on the CORAVEL monitoring program by both the Toulouse and the Geneva-Brussels teams, as part of larger samples. The Toulouse team aims at obtaining orbital elements for a sample of bright late-type stars quoted in the literature as being spectroscopic binaries, but with no orbit available. For the Geneva-Brussels team, HD 191226 and HR 363 belong to a sample of Tc-poor S stars, a family of chemically-peculiar red giants suspected of being all binaries. A detailed discussion of the 'binary paradigm' for Tc-poor S stars can be found in Jorissen et al. (1998) , and needs not be repeated here.
The new orbits of HD 191226 and HR 363 are provided in Sects. 2 and 3, respectively. Diagnostics of binary interaction are available for these two systems from published observations in the UV and X domains. The availability of their orbital elements now offers the possibility to correlate these diagnostics of binary interaction with the orbital separation, as discussed in Sect. 4.
HD 191226
The spectroscopic binary nature of HD 191226 is already mentioned in the General Catalogue of Stellar Radial Velocities (GCSRV; Wilson 1953) : from 10 measurements obtained at the Mount Wilson and Victoria observatories, the radial velocity of this gM2 star varied by 22 km s −1 . Also classified as M2III by Nassau & McRae (1949) , whereas Barbier (1962) assigns it the spectral type K2II:, HD 191226 is finally recognized by Keenan & Boeshaar (1980) as being a weak S star (M1S-M3SIIIa). The spectral class MxS refers to stars with the strongest ZrO bands barely visible. A spectrum obtained in the near infrared at a dispersion of 3.3 nm/mm with the Aurélie spectrograph on the 1.52-m telescope at OHP yields a M0-M1III+ classification from a comparison with spectral standards (Ginestet et al. 1994; Carquillat et al. 1997 ). This spectrum is unfortunately of no use to confirm the S-type classification of HD 191226, as the typical S spectral features are better seen in the optical domain (Jaschek & Jaschek 1987) . The Tc-poor nature of HD 191226 was reported by Little et al. (1987) and Smith & Lambert (1988) .
The orbital elements of HD 191226 have been derived from the 36 radial-velocity measurements listed in Table 1 . Among these, 31 were obtained with the CORAVEL spectrovelocimeter at OHP (with an average uncertainty of ǫ = 0.34 ± 0.06 km s −1 ). One has been obtained at the Coudé focus of the 1.52-m telescope at OHP, on a baked IIaO plate (# GA 8139), with a 2.0 nm/mm dispersion. Four radial-velocity measurements obtained by Brown et al. (1990) on the 2.1-m telescope at McDonald Observatory equipped with a Reticon detector have also been used in the orbital solution. All these radial velocities, covering 3.37 orbital cycles, are on the system of IAU standards. The orbital elements listed in Table 2 have been computed with the BS1 program (Nadal et al. 1979 ) by assigning a weight 1 to the CORAVEL data and 0.25 to the five other measurements. The radial-velocity curve, folded with the orbital period, is presented in Fig. 1 . Older data, obtained through the years 1912-1934, were not used in the orbital solution, because their accuracy is not good enough, even to improve the orbital period. The Mount Wilson data have (when available) uncertainties of the order of 2.5 to 3.3 km s −1 , and their variation range (−13 to 35 km s −1 ; Abt 1973) appears incompatible with the small value of the semi-amplitude (K = 4.8 km s −1 ; Table 2 ) derived from modern, more accurate measurements. As far as the the radial velocities obtained at Victoria by Harper (1934) are concerned, they are of doubtful quality (both plates are qualified as 'weak') and were therefore not used either.
An estimate of the mass of the companion can be obtained from the mass function listed in Table 2 . Adopting a mass of 1.5 ± 0.5 M ⊙ for the S star, which seems reasonable given its M2III spectral type (e.g., Schmidt-Kaler 1982; see also Jorissen et al. 1998 ), a minimum mass of 0.35 ± 0.07 M ⊙ for the secondary follows from the condition sin i ≤ 1. Taking M 1 = 1.5 M ⊙ for the red giant and M 2 = 0.6 M ⊙ for its companion yields i = 40
• , q = M 1 /M 2 = 0.4 and A 1 = 121 Gm, or in terms of orbital separation, A = A 1 + A 2 = A 1 (1 + 1/q) = 2.8 AU. The companion mass is thus compatible with that of a white dwarf (WD). Observations in the UV with the Goddard High Resolution Spectrograph (GHRS) on board the Hubble Space Telescope indeed reveal the presence of a WD with T ∼ 15 000 K (Ake 1997) . These results will be discussed further in Sect. 4.
HR 363
As for HD 191226, the spectroscopic-binary nature of HR 363 (= HD 7351) is already mentioned in the GCSRV, where it is classified as gM2. Six radial-velocity measurements are mentioned in that catalogue, among which 4 were performed at the David Dunlap Observatory (Young 1945 ) and 2 at the Mount Wilson Observatory (Wilson & Joy 1952; Abt 1970) . These two sets of measurements yield average velocities of +5.8 and −1.8 km s −1 , respectively. It is likely that it is this difference which led to suspect the binary nature of HR 363 in the GCSRV. More recently, three radial-velocity measurements were obtained at the E.W. Fick Observatory (Beavers & Eitter 1986) , and 15 more by Brown et al. (1990) . The latter measurements, covering 1000 d, confirmed the spectroscopic-binary nature of HR 363, and made it clear that its period was quite long.
HR 363 was classified M2S by Keenan (1954) , who noted its strong BaII λ455.4 nm line, and M3IIS by Yamashita (1967) . Keenan & Boeshaar (1980) reclassified it later on as S3+/2-in their revised classification scheme (where the first digit is a temperature index, and the second one is an index of ZrO strength, 2 corresponding to ZrO < TiO). More recently, Sato & Kuji (1990) have classified HR 363 as M2III. These authors stress that, although HR 363 is often considered as an S star, its salient spectral features are those typical of M giants, except for a strong BaII λ455.4 nm line. As for HD 191226, a nearinfrared spectrum has been obtained for HR 363 with the Aurélie spectrograph at OHP, and yields a M3III spectral type. Finally, regarding its Tc-poor nature, we refer to Little et al. (1987) and Smith & Lambert (1988) .
The orbital solution for HR 363 listed in Table 2 is based on 49 CORAVEL radial-velocity measurements covering 1.1 orbital cycle (from 1983 to 1997), to which one older measurement obtained in 1976 has been added (Table 3). This early measurement (obtained at the 1.52-m telescope of Haute-Provence Observatory on the photographic spectrum GA 2881) substantially improves the period determination, since it brings the orbital coverage to 1.65 cycle. Its accuracy is only 0.8 km s −1 , compared to an average of 0.30 km s −1 for the CORAVEL measurements. It has therefore been attributed a weight of 0.25 in the orbital solution (compared to 1 for the CORAVEL measurements).
The radial-velocity curve, folded with the orbital period, is presented in Fig. 2 . This figure presents as well the other measurements (namely the three radial velocities from the Fick Observatory, the 15 measurements from Brown et al., and the 6 radial velocities we obtained from photographic spectra at OHP) that were not used in the orbital solution, since they would degrade its accuracy. These observations are nevertheless compatible with the computed solution. Note that the O − C residuals are significantly larger than the accuracy of the measurements. This jitter is likely due to envelope pulsations or to atmospheric motions, as discussed by Jorissen et al. (1998; see their Fig. 1) .
As for HD 191226, the mass function is compatible with a WD companion, since M 1 = 1.5 ± 0.5 M ⊙ for the red giant implies M 2 > 0.70 ± 0.15 M ⊙ for the unseen companion, given sin i ≤ 1.0. If the companion is to be a WD with a mass typical of field WD's (0.58 M ⊙ ; Reid 1996), the orbital inclination has to be close to 90
• , and the system may be an eclipsing binary.
This star has been observed with the International Ultraviolet Explorer (IUE) and ROSAT satellites. Although there is only marginal evidence for an UV continuum from a hot companion (Ake et al. 1988) , HR 363 is a strong source of hard X-rays . These X-rays are not expected to come from a hot corona, because with B−V = 1.7, HR 363 lies far to the right of the region of the Hertzsprung-Russell diagram populated by class III giants with a hot corona (Hünsch et al. 1996) . The hard X-rays in HR 363 are therefore likely powered by mass transfer in the binary system. The same holds true for the weak HeI λ1083.0 nm emission line observed in HR 363 (Brown (Brown et al. 1990 and references therein). It is somewhat surprising, though, that HR 363 behaves as an interacting binary system while having the longest known period (4593 d = 12.6 y) among S stars . That question is discussed in more details in Sect. 4.
Binary interaction vs. orbital separation
Binary S stars share many properties with symbiotic stars, since both families consist of a cool red giant and a WD companion in systems with orbital periods of a few hundred to a few thousand days (Jorissen 1997) . Some kind of symbiotic activity should thus be expected among binary S stars as well. Table 4 lists those systems where the usual signatures of binary interaction have been probed. In that table, L X refers to the luminosity in the ROSAT hard band (0.5 -2.4 keV) taken from Jorissen et al. (1996) , and adapted to the new HIPPARCOS distances . Hard X-rays have been observed in HR 363 and HD 35155, and appear strongly variable. In the UV do- Table 4 . Signatures of binary interaction in extrinsic S stars, arranged in order of increasing orbital period. The orbital separations at apastron and periastron (Aapa and Aperi, respectively) have been computed from Kepler's third law assuming a total mass of 2 M⊙ for all systems. In column 'UV emission lines': 'no' = no emission lines detected; 'IB' = emission lines typical of interacting binaries; 'WD' = WD continuum Name Sp. Typ. et al. (1996) ; e: Flux densities at 160 nm from Johnson et al. (1993) combined with distances from or Eggen (1972) ; f: Johnson et al. (1993) , Ake (1997) ; g: Ake et al. (1991); h: Brown et al. (1990) , Shcherbakov & Tuominen (1992) Remarks: x: 1(−3) stands for 1 10 −3 ; y: HD 49368 = V613 Mon; z: HIPPARCOS parallax very uncertain; for HD 35155, distance from Eggen (1972) adopted instead main, several stars exhibit strong emission lines of highly ionized species typical of interacting binary systems (like CIV λ155.0 nm). In the column labelled 'UV em. lines', 'IB' stands for 'interacting binary', 'no' stands for no emission lines seen, and 'WD' indicates that the UV spectrum fits that of a clean WD. The continuum UV luminosity in the 125.0 -195.0 nm band is often larger than would be expected from an isolated WD [see column 'L SWP ']. In Table 4 , L SWP = 4πd 2 70 f (160nm) , where the average flux density f (160nm) in the 125.0 -195.0 nm domain is taken from Johnson et al. (1993) and the distance d from or Eggen (1972) . The UV luminosity is often strongly variable, in which case the different observed values are listed. The HeI λ 1083.0 nm triplet generally confirms the UV diagnostics. The three binary S stars flagged as 'interacting binaries' from their UV features are also those showing strong and variable HeI λ1083.0 nm lines, whereas the two stars (HR 363 and HD 191226) with no UV emission lines exhibit only a weak HeI triplet in emission.
Two important conclusions may be drawn from the observations summarized in Table 4: (i) the level of binary interaction does not appear to be correlated with the orbital period. HD 49368 (=V613 Mon) for instance exhibits a much higher level of activity than the shorter-period system HD 191226, whereas the shortestperiod system HD 121447 does not show any sign of interaction at all. Moreover, the maximum X-ray luminosities of HR 363 and HD 35155 are comparable despite very different orbital periods; (ii) the activity appears to be strongly variable.
Orbital modulation is likely a major cause of the activity variations, as shown by Shcherbakov & Tuominen (1992) and Ake et al. (1994) in the well-documented case of HR 1105. However, at a given phase, important cycleto-cycle variations remain (Ake et al. observed a variation by a factor of ∼ 3 in the λ146.0 nm flux of HR 1105 at phase 0.3 in two different orbital cycles), suggesting the existence of yet another cause of (secular) variability.
Various physical processes are able to produce hard photons modulated by the orbital motion in a binary system: 1. Heating of the red-giant hemisphere facing a hot WD; 2. Accretion-powered hot spot; 3. Stream of gas from the red-giant wind, heated when funneled through the inner Lagrangian point.
A strong sensitivity of the activity level to the binary separation is expected in the first and second cases. In the first case, the orbital separation directly controls the dilution suffered by the hot radiation when it reaches the giant atmosphere. In the second case, the mass accretion rate by the secondary roughly scales asṀ
(whereṀ is the wind mass-loss rate of the giant, and k is the ratio between the orbital and the wind velocities) in the case of supersonic Bondi-Hoyle accretion in a detached system (see Theuns et al. 1996) . The previous relation reduces toṀ A −2 (where A is the orbital separation) when k << 1 (i.e. v wind >> v orb ).
From a detailed analysis of the variations with orbital phase of the UV flux level and the HeI λ1083.0 nm line shape, Shcherbakov & Tuominen (1992) and Ake et al. (1994) favour the third process as the origin of the hard photons, i.e. funneling of the red-giant wind through the inner Lagrangian point. The existence of such funneled streams is moreover predicted by smooth particle hydrodynamics simulations of mass transfer in detached binary systems (Theuns & Jorissen 1993; Theuns et al. 1996) . Different viewing angles of the stream during the orbital cycle account for the orbital modulation, whereas longterm fluctuations of the mass-loss rate account for the secular variations (like those observed in Mira variables, and associated with a clumpy and non-spherically symmetric wind; e.g. Whitelock et al. 1997 , Lopez et al. 1997 , Olofsson 1997 ). The wind mass-loss rate of the red giant, rather than the orbital separation, is expected to be the dominant factor controlling the activity level in this case. The absence of any correlation between the orbital periods and the activity levels in the sample of S stars listed in Table 4 therefore suggests that streams like the one observed in the system HR 1105 might in fact be responsible for the activity observed in other S stars as well. The absence of any activity observed in the system HD 121447, despite the fact that it is the closest system in the sample, may then be attributed to its low luminosity (M bol = −1.4), and therefore low mass-loss rate. Among the more luminous S stars (M bol ∼ −3.2), differences in their mass-loss rates may account for their different activity levels (compare e.g. HD 35155 and HR 1105 having different activity levels despite similar periods and spectral types, or HD 35155 and HR 363 having the same X-ray flux at very different orbital periods).
Future detailed studies of this class of mass-losing, binary red giants may thus be expected to shed light on the mass-loss process, as well as on the physics of interacting binaries.
